The objective was to explore the potentials of five spring triticale (xTriticosecale Wittmack) varieties (AC Ultima, Bunker, Companion, Pronghorn, Taza and Tyndal) for integration into beef cattle feeding systems in the north western Alberta, Canada. This was carried out over four growing seasons (2009 to 2012) at different sites, using RCBD in each year. The crop was cut at late milk stage to determine the silage (SY), dry matter (DMY) and protein (CPY) yields, and nutrition quality. The mean DMY was similar (P > 0.05) for all varieties, ranging from 8.14 to 8.53 t ha -1 . The forage DM was higher (P < 0. -1 ME) for pregnant cows that are in the second and third trimester stages. Levels of relative feed value (RFV) was high (110-121) and more than the minimum suggested RFV for mature beef cattle. But levels of P, Mg, Na, S, Cu and Zn were insufficient to meet the suggested amounts needed by a dry gestating cow. The growing seasons appeared to have significant (P < 0.05) effects on most of the measured parameters. The implications of these findings on uses of triticale forage in ruminant nutrition and the need for more studies are discussed.
Introduction
Cereals such as oats (Avena sativa), barley (Hordeum vulgare L.) and triticale (xTriticosecale Wittmack) can provide excellent supplementary forage, options for extending the grazing season and diversity in crop rotations (Aasen et al., 2004) . Recent research by Gill et al. (2013a Gill et al. ( , 2013b and Omokanye (2014) have identified forage type barley and oat varieties for beef cattle production in northern Alberta, Canada. Government of Alberta (2012) report shows that north western Alberta (Peace River region) has 4.6% of Alberta's cattle and calves, over 200,000 cattle and calves (with beef cattle dominating).
Triticale is a dual-purpose cereal crop and it therefore has the potential to provide economic benefits for both grain and forage based production systems (Igne et al., 2007) . The crop can also be used for ethanol or other bio-industrial uses, with some potential for use in food products (Isaacs, 2013) . In western Canada, early triticale breeding research programs were focused on developing varieties for high grain yield with drought-tolerant features for marginal wheat-producing lands. But later research programs concentrated on developing improved animal feed and forage varieties for production under a number of diverse environmental conditions (Salmon, 2004) . Research in central Alberta showed triticale emerging as a high yielding silage crop (Baron et al., 2000) . purpose/feed wheat or barley, triticale showed superior yields on marginal lands and in drought conditions (Isaacs, 2013) . With these attributes, triticale has seen a rebirth in interest from farmers in western Canada as a means of crop diversification (Salmon, 2004) . Swath grazing is a winter feeding practice for gestating beef cows on the Canadian Prairies. Swath grazing system involves stockpiling forage for later use and several studies have shown that the system is effective in reducing costs (Entz et al., 2002; McCartney et al., 2004; Baron et al., 2014) . The system consolidates standing forage so that it can be apprehended and grazed efficiently in a variety of conditions, including under snow in winter. In a swath grazing trial involving triticale, corn and barley (Baron et al., 2014) , triticale yielded 15% more than corn, had similar carrying capacity with corn and had higher utilization (83.7%) than corn (74.7%) and barley (71.7%). Omokanye (2014) has reported a gradual increase in the use of triticale in swath grazing/silage as a monocrop or in mixtures with oat and forage pea, for back grounding calves in northern Alberta.
The present study was set up to examine plant growth, forage production, nutrients composition and suitability of different triticale varieties for forage production systems of beef cattle operations in north western Alberta, Canada. A secondary objective was to organize field days to show case new technologies for possible adoption, encourage interaction with farmers, and answer questions about the performance of triticale.
Methods

Experimental Sites
From 2009 to 2012 growing seasons, field experiments were conducted on collaborating farmer's fields that were near High Prairie (2009 & 2011 55°26′ N, 116°29′ W); Valleyview (2010; 55°04′ N, 117°17′ W) and Debolt (2012; 55°21′48.6″ N, 118°10′18.5″ W) in north western Alberta, Canada. The climate of these sites is subarctic or boreal. This climate is characterized by cold winters and cool to mild summers. Monthly records for the growing seasons as well as the 30-year averages of the selected climatic parameters are provided in Table 1 . According to Soil Classification Working Group (1998), soil is Ortho Humic Gleysol, dark colour and sandy to clay loam texture at the High Prairie site; Grey Luvisol, loam to clay loam texture at the Valleyview site; and Dark Grey Luvisol, silty clay texture at the Debolt site. Table 2 shows the properties of surface soils (0-15 cm), analyzed in a commercial laboratory following standard laboratory procedures described by Soil and Plant Analysis Council (1999) . More details on the methods used are given in Gill et al. (2013a Gill et al. ( , 2013b 
Experimental Design and Data Analyses
The study was laid out in a randomized complete block. There were four replications. The data were subjected to analysis of variance (ANOVA) as a split-plot design, with growing seasons (years) as main plots and the triticale varieties as sub-plots, using the GLM procedure (SAS Version 6, 1990) . The means were separated by the least significant difference (LSD) at the 0.05 probability level. Significant differences in the text refer to P<0.05. Of the 33 monitored parameters, the ANOVA for only 4 (plant height, SY, DMY and Fe) indicated significant variety × year interactions. Therefore, the data were averaged across the years for the triticale varieties and across the triticale varieties for the years. The significant variety × year interaction effects are discussed in the text. Pearson's correlation coefficients (r) were calculated between selected measured parameters Note. *Combinations of seed row placed (11-52-0) and side banded (46-0-0, 0-0-60, 20-0-0-24) fertilizers were used to apply these nutrient amounts.
Triticale Seeding and Management
Triticale Growth and Forage Yield Measurements
Each year, the plant stand was visually inspected after 3-4 weeks of seeding to assess adequacy of crop emergence. Each variety was harvested for at late milk stage (Zadok et al., 1974) , between late July and early August each year. Prior to harvest, 3 plants per plot were randomly selected and their primary tiller heights measured from ground to top of heads. Also, each plot was examined for plant lodging and any > 50 cm gaps in the crop rows to determine the actual harvest area per plot. For each plot, the above ground parts of plants were harvested and weighed fresh. About 0.5 kg of the fresh harvest was sub-sampled and dried at 50 °C to constant weight to determine the moisture content, silage yield (SY, at 65%), forage dry matter yield (DMY) and nutritive analyses.
Laboratory Determined Forage Nutritive Values
For forage nutritive indicators (determined using wet chemistry), two dry samples per variety (sample 1 -composite from replications 1 & 2 and sample 2 -composite from replications 3 & 4) were analysed. 
Estimated Forage Nutritive Values
Additional forage nutritive indicators were estimated using laboratory determined values and previously developed equations, as earlier used by Gill et al. (2013a Gill et al. ( , 2013b . These included digestible feed energy (DFE, MCal kg (1)
Results
Crop Growth and Yield
Visual assessment at four weeks after seeding showed very good stand establishments for all varieties in each growing season. There was no lodging of any variety during the 4 growing seasons.
Variety by growing season interaction was significant for plant height, SY and DMY (interaction data not presented). Compared to other varieties, the plant height was significantly lower for Tyndal and AC Ultima (83 and 86 cm) in 2010, and it was higher for Bunker in 2011 (145 cm ) than other varieties.
In comparison to Taza, the mean plant height was significantly higher for Bunker and it was significantly lower for the AC Ultima, Pronghorn and Tyndal (Table 4) . Mean plant height was significantly higher in 2011 and significantly lower in 2010 than the other growing seasons (Table 4) .
Differences in the mean (across 4 years) SY and DMY of tested varieties were not significant (Table 4) . Significantly lower yields (SY and DMY) were observed in 2010 than in other 3 years. 
Forage Nutritive Value Indicators
Protein Fractions and Yield
The forage crude protein (CP) and protein fractions as well as calculated crude protein yield (CPY) did not show significant variety by growing season interaction effects.
Varieties did not have any significant (P > 0.05) effects on the mean forage CP, UIP and CPY (Table 4) . But the Sol-CP and ADF-CP protein fractions were significantly (P < 0.05) influenced by varieties. Taza (47.9%) had significantly lower Sol-CP than other varieties, with no significant differences between the Bunker, Tyndal, AC Ultima and Pronghorn (52.3 to 54.8). On the other hand, Taza (0.71%) had significantly higher ADF-CP value, and there were no significant differences between the ADF-CP values of other varieties (0.42 to 0.48%).
Forage CP content, protein fractions contents and CPY were significantly affected by growing seasons (Table 4) 
Macro Minerals, Ca:P Ratio and Tetany Ratio
None of the measured macro-mineral contents as well as the calculated Ca:P and tetany ratios showed significant variety × growing season interaction effects.
Across the years mean forage K, Na and S contents did not differ significantly (P > 0.05) between varieties (Table  5) . However, the varieties showed significant differences for Ca, P and Mg contents as well as Ca:P and tetany ratios. AC Ultima and Taza had the lowest Ca content (0.21%), while Bunker had the highest Ca content (0.29%). Bunker had significantly greater Ca content than other varieties, except Tyndal. Taza had higher P content than Bunker while differences between other varieties were not significant. The Ca:P ratio was lowest for Taza and highest for Bunker. The Ca:P ratio of Bunker was significantly greater than other varieties, except Pronghorn. Forage Mg content varied from 0.10% for both Pronghorn and Taza to 0.13% for Bunker. Bunker and AC Ultima had significantly higher Mg content than other varieties. Both Pronghorn and Taza had significantly higher tetany ratio than Bunker, while differences in tetany ratios between the AC Ultima, Bunker and Tyndal were not significant. Growing seasons did not affect (P > 0.05) forage Ca content (Table 5 ). Forage P, K and S contents and tetany ratio were all significantly influenced by growing seasons. The P and K contents and tetany ratio were consistently lowest in 2010 and highest in 2011. Forage S content was lower in 2009 and 2011 than in 2010 and 2012. The Na content was lower in 2009 than in other years. The Ca:P ratio was higher in 2010 than in other years. 
Detergent Fiber and Non Fiber Contents and Relative Feed Value
Detergent fiber contents measured as ADF and NDF, as well as non fiber carbohydrate (NFC) and RFV were not significantly (P > 0.05) affected by variety × growing season interactions.
The forage ADF, NDF, and RFV were not significantly different (P > 0.05) among varieties (Table 7) . But the NFC was greater for AC Ultima than Taza and Tyndal.
Forage ADF, NDF, NFC and RFV were influenced by growing years (P < 0.05). The ADF content was significantly greater in 2009 and 2011 than in 2010. Forage NDF content was significantly lower in 2010 than other growing seasons. Both the NFC and RFV were significantly higher in 2010 than other growing seasons. 
Estimated Digestibility and Intake
Of the estimated feed digestibility and intake parameters, none was affected by varieties (Table 9) 
Pearson's Correlation Coefficients
Of the pairs of parameters correlated, the following pairs of parameters showed positive and significant correlations: 
Discussion and Implications
Crop Growth and Yield
In Western Canada, the feed cost can be up to 50-75% of the total cost of beef production. Using cereals such as barley, oats and triticale in these operations can provide good forage as well as play significant role in extending the grazing season through swath grazing, bale grazing and bale processing. In the present study, spring triticale varieties were evaluated for forage production in the north western (Peace River region) Alberta, Canada. The forage nutritive values of triticale varieties and their implications in ruminant nutrition are discussed. In particular, the forage nutritive values of spring triticale varieties are discussed for use in the beef cattle production systems, based on their nutritive value following the National Research Council (NRC, 2000) suggested nutrient requirements for beef cattle (Table 10) . : 55% for middle 1/3 of pregnancy, 60% for late 1/3 of pregnancy; W : for 6-10 months old growing bulls.
Both the silage (SY) and forage DM (DMY) yields were similar for all triticale varieties tested. The lack of any significant differences in both SY and DMY among the spring triticale varieties indicates that all varieties are equally suited for the purpose of forage production and inclusion as forage for beef cattle operations in the region. In the present study, the DMY varied from 8.14 to 8.53 t ha -1 (mean = 8.33 t ha . Both barley and oats are the two most common cool season cereals grown in the region for green feed, silage, grazing and swath grazing. The higher forage DMY as well as forage protein (CP) and energy (TDN) of triticale varieties (8.05 t ha -1 DMY, 8.04% CP, 62.9% TDN) tested here over those of oat varieties (6.13 t ha -1 DMY, 7.21% CP, 59.0% TDN) reported by Gill et al. (2013b) would further increase the adoption of triticale by beef cattle producers. These attributes observed for triticale in the present study probably explain a gradual increase in the use of triticale monocrop or in mixtures with oat and forage pea as swath grazing for extending the fall grazing season, hay or silage for back grounding calves in the Peace River region of Alberta (Omokanye, 2014) .
The forage DM yields obtained in this study were higher than those for triticale in the southern High Plains, USA (Lauriault & Kirksey, 2004) . Mut et al. (2006) reported far higher DMY in Bangladesh (11-15 t ha -1 DMY) than in the present study. The large differences in DMY between in this study and those of Mut et al. (2006) could have resulted from differences in the following: seasonal growing conditions, crop management practices, seed rates and cultivars. For instance, Mut et al. (2006) used higher seed rate (500 seeds m -2 ) than in the present study (263 seeds m -2 ).
The genetic make-up of the tested varieties was probably responsible for the differences in plant height among varieties in this study. Though Bunker variety significantly grew taller, followed by Taza, but the forage yield advantage associated to taller plants was not significant. However, the significant correlation recorded for plant heights and DMY (r = 0.7, P = 0.001, n = 72), seemed to indicate that plant height could have been an important agronomic trait in triticale breeding and selection programs for forage production. However, the triticale varieties tested in the present study did not significantly differ in SY or DMY, but the results seemed to show that taller varieties may have a tendency to yield slightly more than the shorter varieties. It is important to point out that with the plant height recorded in the present study (up to 123-127 cm) , no plant lodging occurred with all varieties in any particular year. This shows that all varieties have excellent lodging resistance.
Plant height and forage DMY were lower in 2010 than in 2009, 2011 and 2012 , apparently because the spring soil moisture plus rainfall in 2010 was 102 to 190 mm less than those in other years.
Forage Nutritive Value Indicators
Matching the nutrient requirements of beef cattle and the nutrients supplied by triticale varieties would help identify nutritional sufficiencies and inadequacies. The CP content of forage is one of the most important criteria for forage quality evaluation (Assefa & Ledin, 2001) . The protein requirements of cattle vary with stage of production, size of the animal, and expected performance. Considering the protein requirements for beef cows from the second trimester to post calving (NRC, 2000; AARD, 2004) , all spring triticale varieties tested here were able to adequately meet the recommended value of 7% CP requirement for mature pregnant beef cows in the mid-pregnancy (second-trimester) stage (Table 4) . However, the varieties examined here were short of meeting the 9% CP requirements of cows in the late pregnancy (third trimester) stage as well as 11% CP needed by lactating cows. It is evident that using the tested triticale varieties for silage or swath grazing would need additional sources of protein when fed to a mature cow in the third trimester pregnancy stage as well to a nursing cow. The protein supplementation could be in form of legume hay with high CP or protein blocks, which are normally designed to be fed free-choice. Looking at other studies involving cool season spring oat and barley varieties in the same environments as the present study, the triticale varieties examined here (8.04% CP) had higher CP values than reported for oat (7.21%) varieties (Gill et al., 2013b) , but much lower than the CP values for barley (9.63%) varieties (Gill et al., 2013a) .
Examining the mineral contents of forage crops is important in selecting the correct mineral supplement for a beef cattle feeding program. Of the 10 minerals tested in the present study, only Ca, Mg, Fe and Zn showed differences among triticale varieties. All varieties, however, met the Ca, K, Fe and Mn requirements for dry gestating cows in the 2 nd and 3 rd trimester stages (Tables 5, 6 and 10). Only AC Ultima, Bunker and Taza varieties had adequate value for Zn requirement of a dry gestating cow. None of the varieties had enough Na, S and Cu needed by a dry gestating (pregnant) mature cow. Only Taza variety met the P requirement, while only AC Ultima and Bunker met the Mg requirements for a pregnant cow in the second and third trimester pregnancy stages. The low forage P content obtained for the triticale varieties tested here (except for Taza) is not unusual. Deficiency of P is very prevalent in forages throughout the world, which are the primary feed for ruminants and are considered a poor source of P. Deficiency of P can lead to many problems including reduced growth and feed efficiency, decreased appetite, reduced reproduction efficiency, decreased milk production, and weak or fragile (rickety) bones (Harty, 2014) .
Of the macro (Na, Ca, P, Mg, P, Na, S) and micro (Cu, Mn, Z, Fe) minerals examined in this study, only K (which is on a high side), Fe and Mn requirements for a lactating mature cow (nursing cow) can be sufficiently met by all triticale varieties.
Tetany is not limited to spring only, and it can also occur in winter. A combination of K, Ca and Mg make up the tetany ratio. Tetany is associated with Mg deficiency in the blood of animals. Loredo et al. (1983) warned that high K concentration could cause Mg deficiency. The threshold for risk of grass tetany increases at K/(Ca + Mg) ratio of 2.2 or higher (Elkins et al., 1977) . According to a ration balancing software Cowbytes (AARD, 2004) , tetany ratio should not exceed 2.2. In the present study, tetany ratio were >3.2 for all varieties. Another criterion is also used to evaluate tetany danger of forage Mg for lactating or pregnant beef cows (Bohman et al., 1980) : tetany prone (< 0.12% Mg), marginal (0.12 to 0.18% Mg) and adequate-non tetany state (> 0.18% Mg). In the present study, considering the Mg results, 2 varieties (AC Ultima and Bunker) were in the marginal level and other varieties were in the tetany prone range.
It is evident from the present study that P, Mg, Na, S, and Cu supplementation may be needed when feeding a mature cow the forage from the tested triticale varieties grown in the Peace River region.
The difference between the growing years for Fe was very high in the present study. The low soil pH at the Valleyview (2010) than other sites (Table 2 ) may have enhanced the availability and plant uptake of Fe, and also somewhat of Mn and Zn. Apparently, combination of increased uptake from low pH soil and lower forage yield in 2010 resulted in higher Fe, Mn and Zn values.
The RFV is an index that is used to predict the intake and energy value of the forages and it is derived from the DDM and DMI. The triticale varieties tested in the present study did not differ in RFV. Using the quick guide to forage allocation by cattle class described by Schroeder (1996) , the Bunker, Pronghorn, Taza and Tyndal were well within the suggested RFVs for beef cows (90-115 RFV). The AC Ultima had higher RFV value than other varieties and above the normal range, an indication that AC Ultima is of higher grade than other varieties. The ADF values are important because they inversely relate to the ability of an animal to digest the forage. As ADF increases, digestibility of forage usually decreases. The NDF values are important in ration formulation because they reflect the amount of forage the animal can consume. Like ADF, as NDF percentages increase, forage DM intake will generally decrease. With the lower ADF and NDF values obtained for the AC Ultima, there may be a tendency that when all the varieties are presented side by side to cows in a preference study AC Ultima forage would likely be preferred and consumed more.
The TDN, NE L , NE M , NE G indicate the energy levels of forage/feed and ME values (Table 8 ). All triticale varieties tested in the present study had adequate amounts of TDN for a mature dry gestating beef cow, which require 55-60% TDN (Table 8 & 10) . However, all varieties fell short of the amount of TDN that is required by a mature lactating cow (65% TDN). Thus, feeding any of these varieties to a mature lactating cow would require additional energy source(s) to meet the TDN requirement. All tested triticale varieties had NE M levels within the range for a mature cow. Looking at the ME values in the present study (2.26 to 2.33 Mcal kg -1
), all triticale varieties tested met the daily ME requirements of 2.23 to 2.54 Mcal kg -1 for a mature beef cow (NRC, 1984) .
The superiority of AC Ultima over other varieties was indicated by the lower ADF and NDF values as well as its higher RFV and TDN value.
For growing and finishing calves, the requirements for Mg, Fe, Mn, and Zn (except for Tyndal) are met by the triticale varieties tested. Both NE M & NE G were within the adequate ranges suggested for growing and finishing calves (NRC, 2000; Table 10 ).
Because forage was harvested in summer, nitrate content was not tested in this study. However, when harvested for swath grazing in late falls or early winter, forage from triticale varieties grown to feed beef cattle should be tested for danger of nitrate toxicity. Then producers can either dilute triticale forage with other feeds or manage harvest time and feed utilization. Testing for nitrate is particularly important as the time of swathing triticale for swath grazing in the Peace River would normally coincide with drop in temperature in fall to occasional freezing temperatures before swathing for swath grazing.
Conclusions
Taking into consideration the forage yields (65% moisture silage & dry matter), CP yields, and some observed forage quality attributes, any of the triticale varieties can be grown in the Peace River for the purpose of silage, swath grazing or inclusion in annual crop cocktail mixtures for silage, grazing or green feed. The triticale varieties were not consistent in meeting some of the mineral requirements of growing and finishing beef cattle, dry gestating and lactating cows. Because of these inconsistencies, some form of commercial mineral supplement would be required. Similarly, feeding silage or forage from any of the tested triticale varieties to cows in the third trimester and nursing cows, which require 9 and 11% CP, would need some form of protein supplementation. AC Ultima had higher RFV and TDN values as well as lower ADF and NDF values than other varieties, an indication that AC Ultima tended to have higher grade than other varieties. Overall, use of triticale is suggested as one of the available options for swath grazing to extend the fall grazing, produce silage or dry forage for beef cattle producers in north western Alberta, Canada.
